Regulation of Brassica rapa chloroplast proliferation in vivo and in cultured leaf disks.
To understand the regulatory mechanisms of chloroplast proliferation, chloroplast replication was studied in cultured leaf disks cut from plants of 25 species. In leaf disks from Brassica rapa var. perviridis, the number of chloroplasts per cell increased remarkably in culture. We examined chloroplast replication in this plant in vivo and in culture media with and without benzyladenine, a cytokinin. In whole plants, leaf cells undergo two phases from leaf emergence to full expansion: an early proliferative stage, in which mitosis occurs, and a differential stage after mitosis has diminished. During the proliferative stage, chloroplast replication keeps pace with cell division. In the differential phase, cell division ceases but chloroplast replication continues for two or three more cycles, with the number of chloroplasts per cell reaching about 60. In the leaf disks, the number of chloroplasts per cell increased from about 18 to 300 without benzyladenine, and to over 600 with benzyladenine, indicating that this cytokinin enhances chloroplast replication in cultured tissue. We also studied changes in ploidy and cell volume between in vivo cells and cells grown in culture with and without benzyladenine. Ploidy and cell volume increased in a manner very similar to that of the number of chloroplasts, suggesting a relationship between these phenomena.